Overview of ADHD
================

Attention deficit/hyperactivity disorder (ADHD) is not only a common neurodevelopmental disorder of childhood but one which currently has relatively few pharmacological options and limited psychosocial and behavioural interventions for treatment. Worldwide population prevalence rates are generally estimated to be around 5.3% with some geographical variability.[@b1-jcnsd-3-2011-209] ADHD is associated with a range of clinical problems that translate into clear pragmatic endpoints that include low school grades, increased rates of accidents, substance abuse and expulsion from school.[@b2-jcnsd-3-2011-209] In addition ADHD in almost 50% of cases is associated with comorbid psychiatric diagnoses that include conduct disorder, oppositional defiant disorder, autism spectrum disorders, anxiety and depression.

The role of review and specifically systematic review is becoming increasingly important in aiding information dissemination due to the increasing number of publications available via different media. Clinical data on any topic is being published in various media in increasing amounts and clinicians are unlikely to have the available time to read all the data in their specific area. Clinicians may hence depend upon data assimilation in the form of reviews. Reviews need to be complete to provide decision making tools and systematic review may in future become the benchmark for any data conclusion.[@b3-jcnsd-3-2011-209] Pragmatically though not all reviews can be current and contain up-to-date publications which will reduce their external validity. In the 2-year period between 2009 and 2011, there were more than 750 publications on atomoxetine and our aim is to measure the number and quality of reviews, to establish both clinical utility and limitations of the data and to establish whether a single comprehensive review paper may meet clinicians' needs. To address this issue recent papers that meet the criteria as a review paper have been analysed using as a template a series of relevant clinical questions for which clinicians may require updated information and which still remain unanswered in child and adolescent ADHD.

Atomoxetine is currently the only non-stimulant medication licensed in the United Kingdom for the treatment of ADHD and has been available since 2004. The data from registration trials published between 2001 and 2005 provided an initial dataset however clinicians may feel it salient to review more recent clinical data that may provide additional clinical utility in the context of increased awareness, understanding and exposure to the medication. The purpose of this review is to evaluate some of the more recent data on atomoxetine published since 2009 and consider whether published reviews may provide clinicians with the totality of the available data, and also address pragmatic clinical questions.

ADHD is likely to assume greater focus in coming years with the advent of new medication options and the role of review papers on individual medications, particularly with regard to emerging clinical endpoints such as quality of life[@b4-jcnsd-3-2011-209] and pragmatic endpoints such as mortality[@b5-jcnsd-3-2011-209] may be important. The role of databases, such as the Nordic databases,[@b6-jcnsd-3-2011-209] USA databases[@b5-jcnsd-3-2011-209] and the United Kingdom UKGPRD[@b7-jcnsd-3-2011-209] will provide data on endpoints that are not just limited to prescribing practice but critical safety and efficacy endpoints, that include discontinuation rates (accepted as a surrogate for effectiveness in schizophrenia in major trials),[@b7-jcnsd-3-2011-209] mortality and long term cardiovascular outcomes. The development of databases over the last decade and their ability in individual countries to be cross-referenced to other databases has been a critical development for clinicians.

Methods
=======

A search strategy was used to review all atomoxetine data published from January 2009 to June 2011. An initial PubMed search using atomoxetine as search term reported 245 citations. A more extensive search utilising all relevant and accessible databases found 750 individual citations. In this analysis, the authors have included data relating to child/adolescent ADHD only and which is published in English. We have also excluded all non-clinical data relating to neurobiology and neurochemistry and non-human data. Abstracts were reviewed and where relevant full clinical papers were obtained. We identified and have specifically reviewed all review papers to assess to what extent recent data and clinical implications have been addressed. To that extent we have included predominantly systematic reviews or reviews that contain synthesis of atomoxetine data. Definition of what constituted a review paper has no precise measurement. Our definition incorporated review papers in which a synthesis of atomoxetine data was provided with evidence that there was some degree of systematic analysis and inclusion of all relevant data.

A series of pre-defined clinically relevant questions were selected and the review papers were evaluated on the degree and totality of the data available at that time to provide a clinical answer for prescribing clinicians. Our assumption was that clinicians may derive critical prescribing information and an updated literature synthesis from systematic review and review papers, and this format of data communication may be more pragmatic than having to access multiple individual data-sets. In addition, the Summary of Product Characteristics (SPC) for a medication provides the agreed data on safety and efficacy from the licensing authority, most commonly in Europe the European Medicines Evaluation Agency and as such represents the ultimate independent opinion on the totality of the dataset of a medication giving precise and categorical prescribing information that include monitoring and contraindications to use. The SPC in addition undergoes regular updates primarily to include new safety data. We have hence also evaluated the degree to which review papers are consistent with the SPC in giving comment and advice to clinicians.

On the basis of the above the following clinical questions were selected as to what degree the individual review papers addressed and provided a complete answer for where available:

1.  What is the comparative efficacy of atomoxetine and methylphenidate?

2.  What data is available on use of atomoxetine in patients with ADHD and comorbidities?

3.  What might be considered relevant clinical endpoints in trials?

4.  What is the trajectory of onset of response and how long should successful treatment be continued?

5.  Are relevant and complete data on suicidality included in the reviews?

Results
=======

A total of 13 review papers[@b4-jcnsd-3-2011-209],[@b8-jcnsd-3-2011-209]--[@b19-jcnsd-3-2011-209] were included, of which seven were either stated to be systematic reviews or were likely to meet the criteria as judged by the authors of this paper ([Table 1](#t1-jcnsd-3-2011-209){ref-type="table"}). Search methodology was well described in only one systematic review.[@b8-jcnsd-3-2011-209]

Five reviews specified atomoxetine as the sole drug of interest[@b9-jcnsd-3-2011-209]--[@b12-jcnsd-3-2011-209],[@b14-jcnsd-3-2011-209] of which one review considered atomoxetine in patients with ADHD and co-morbid conditions solely.[@b9-jcnsd-3-2011-209] Five further reviews included a review of atomoxetine within a more generic review[@b13-jcnsd-3-2011-209],[@b15-jcnsd-3-2011-209]--[@b17-jcnsd-3-2011-209],[@b19-jcnsd-3-2011-209] and the remaining three, all systematic reviews, evaluated relevant and specific individual clinical questions, how long should medication be extended in ADHD management of adverse events from ADHD treatments and data on quality of life.[@b4-jcnsd-3-2011-209],[@b8-jcnsd-3-2011-209],[@b18-jcnsd-3-2011-209]

The degree to which each review paper addressed the defined clinical questions is shown in [Table 1](#t1-jcnsd-3-2011-209){ref-type="table"} and briefly summarised below. For some reviews it was out of scope to address many of these clinical questions. Only two reviews correctly cited the full suicidality data set available at the time.[@b10-jcnsd-3-2011-209],[@b12-jcnsd-3-2011-209] There was consistency with the atomoxetine SPC with regard to suicidality however one review stated that there is no systematic data on stimulant suicidal ideation/tendency rates in the public domain[@b8-jcnsd-3-2011-209] and another did not cite the available comparative head to head data with stimulants.[@b18-jcnsd-3-2011-209] The critical data not included was the comparative suicidality data from head to head trials between atomoxetine and methylphenidate which was published as a meta-analysis in 2008 in the same paper that reported atomoxetine suicidal events that is widely cited in most of the reviews.[@b20-jcnsd-3-2011-209] This database reported no difference in rates between atomoxetine and methylphenidate (Maentzel-Haentzel incidence difference −0.12 (95% confidence interval--- 0.62--0.38; *P* = 0.649).[@b20-jcnsd-3-2011-209] Critically though two reviews make the point that suicide related events are common in young people whom do not have ADHD and there is no compelling evidence that the observed event rate in ADHD treated cohorts is greater than in the general population.[@b8-jcnsd-3-2011-209],[@b18-jcnsd-3-2011-209]

The comparative efficacy of atomoxetine and stimulants was addressed to some extent in 10 out of 11 relevant reviews concluding the superiority of OROS MPH over atomoxetine and predominantly citing Newcorn 2008,[@b21-jcnsd-3-2011-209] Kemner 2005[@b22-jcnsd-3-2011-209] (a 3-week study) and Faraone 2006[@b23-jcnsd-3-2011-209] (an indirect meta-analysis). The two reviews that did not address this topic were specific review topics outside of this area of interest.[@b9-jcnsd-3-2011-209],[@b18-jcnsd-3-2011-209] Only four review papers however discuss the Newcorn, 2008 findings that 43% of non-responders to methylphenidate respond to atomoxetine, and 42% vice versa,[@b10-jcnsd-3-2011-209],[@b13-jcnsd-3-2011-209],[@b14-jcnsd-3-2011-209],[@b16-jcnsd-3-2011-209],[@b21-jcnsd-3-2011-209] and the implication that individual patients may have differential response to these two agents. There is a critical confounding bias that previous stimulant non-responders were excluded from Newcorn 2008.[@b21-jcnsd-3-2011-209] Although this was discussed in that paper it is not fully addressed in any review and is mentioned only in a single recent review.[@b13-jcnsd-3-2011-209] Most reviews include the Newcorn 2008 treatment naïve data analysis and state that the response rates for OROS MPH and atomoxetine were not significantly different, *P* = 0.43[@b16-jcnsd-3-2011-209] however this is not reviewed in the context of this cohort having critically removed the confounding bias of having excluded previous stimulant non-responders. The two atomoxetine studies in treatment naïve cohorts that report high effect sizes (0.8 and 1.3)[@b24-jcnsd-3-2011-209],[@b25-jcnsd-3-2011-209] are only fully presented in one review.[@b12-jcnsd-3-2011-209]

The role of atomoxetine in patients with comorbidities was discussed in varying amounts of detail in all but one of the 13 reviews, (Buitelaar 2010[@b16-jcnsd-3-2011-209] reviewed stimulant data) concluding broadly that atomoxetine may have a specific role in such patients as evidence was suggestive that the efficacy of atomoxetine remained consistent with little evidence for worsening of such comorbidities.

What might be considered relevant clinical endpoints were discussed in two reviews, one for efficacy[@b8-jcnsd-3-2011-209] and the other safety.[@b18-jcnsd-3-2011-209] The clinical question of when clinical response to atomoxetine commences, when maximal efficacy may be seen and for how long treatment should be continued was discussed in six reviews, with inconclusive and varied findings. In terms of time to peak efficacy of atomoxetine conclusions varied from 2--6 weeks[@b15-jcnsd-3-2011-209] up to 12 weeks.[@b10-jcnsd-3-2011-209],[@b12-jcnsd-3-2011-209] Most reviews concluded that long term data were sparse, especially in the area of quality of life[@b4-jcnsd-3-2011-209] and although concluding that efficacy was maintained for 2 years[@b12-jcnsd-3-2011-209] there were minimal clinical recommendations on length of usage other than this should be an "individual patient decision".[@b8-jcnsd-3-2011-209]

Discussion
==========

From 2009 until June 2011 we found 13 papers that could be classified as review papers that contained a clinical data synthesis on atomoxetine, of which five were specific for atomoxetine. In general terms each of our clinical questions were addressed in most review papers other than the identification of future pragmatic endpoints outside of clinical rating scales; however most of the more recent atomoxetine data was not included in many of these reviews. When analysing the review papers it cannot be a precise science to fully determine the dataset available at the time of publication as for many journals the publication process may be 6--12 months. It is encouraging to observe a trend towards journals seeking high quality systematic reviews that potentially may address important patient outcomes in disorders that will include ADHD[@b3-jcnsd-3-2011-209] which may aid clinical decision making if a full and complete data analysis is provided. There remain many questions unanswered however and clinicians may be further informed by additional long term clinical data. In general terms though, the 13 reviews are high quality publications with the caveat that no single review could be considered the sole publication for a clinician to be totally updated on current atomoxetine data.

Our major conclusion was that some, though not all, of the recent atomoxetine data is included in the reviews due in part, though not totally, to the timing of publication. We found reasonable evidence that relevant data had not been included in some of the reviews when available with particular regard to suicidality and the treatment naïve atomoxetine dataset.

The most complete atomoxetine reviews are the excellent Garnock-Jones 2009 and May 2010 reviews[@b12-jcnsd-3-2011-209],[@b13-jcnsd-3-2011-209] which can probably be classed as systematic reviews in many regards.[@b3-jcnsd-3-2011-209] Neither however is complete in their data inclusion. There is an absence of comment in many of the reviews on the three treatment naïve studies, maybe due to the time of publication, two randomised, placebo-controlled and the other an open-label study[@b24-jcnsd-3-2011-209]--[@b26-jcnsd-3-2011-209] relating both to the linearly increasing effect size[@b25-jcnsd-3-2011-209] and full interpretation of these data. This is a critical data set. Not only are effect sizes for ADHD-RS greater in these cohorts (0.8--1.3) but critically in the open-label study significant improvement was measured in various non-verbal executive functions.[@b26-jcnsd-3-2011-209] The Montoya 2010 study reports a linearly increasing effect size over 12 weeks with no evidence of plateau that raises a question as to the time of maximal efficacy with atomoxetine.[@b25-jcnsd-3-2011-209] In addition comparative data with methylphenidate was reported in 2008 from the treatment-naïve cohort of a large RCT[@b21-jcnsd-3-2011-209] showing the same effect size (MPH 1.0, ATX 0.9). In comparing treatment naïve data the confounding bias of any previous treatments is removed. This is a critical confounding bias as previous stimulant failure is an exclusion criterion for most head to head methylphenidate and atomoxetine studies. This potential confounding bias is only discussed in a single review.[@b13-jcnsd-3-2011-209] These data when combined with the recent non-inferiority meta-analysis that included all direct comparative atomoxetine and methylphenidate studies of at least 6 weeks duration, and concluded no difference in ADHD IV RS between drugs,[@b27-jcnsd-3-2011-209] challenge previously held beliefs that methylphenidate has been proven to have a significantly greater effect size. This view is still held in many of the review papers despite emergence of these new data.

The aspect of suicidality is often raised in atomoxetine reviews, however only two reviews include data on the published meta-analysis of suicidality in comparative trials between atomoxetine and methylphenidate finding no differences. Furthermore in terms of completed suicides no review is able to include the mortality data from the UK GPRD analysis in 2009 that reported on seven deaths in patients receiving ADHD medications, none on atomoxetine and two suicides in patients receiving methylphenidate.[@b28-jcnsd-3-2011-209] This data set is derived from an analysis of all deaths in patients prescribed ADHD treatment medications over the period 1993--2006 in the UK using the UKGPRD. Although not within the scope of our systematic review the SPCs for methylphenidate and atomoxetine both mandate regular monitoring for symptoms of suicidality and the presence of suicidal tendencies remains a contraindication for methylphenidate usage. The UKGPRD analysis was also salient for what was not found. The initial protocol for this analysis sought to measure the number of sudden death cases in the UK during this 13-year period on subjects receiving ADHD medications. Their analysis however found that there were no cases of sudden death allowing the analysis to be broadened to mortality of all causes.

The question of how long medication should be continued for was the specific topic for one review,[@b8-jcnsd-3-2011-209] concluding that treatment needed to be decided on an individual basis due to lack of long term clinical data. The time for onset of full efficacy with atomoxetine was addressed in some reviews with contrasting conclusions. One review concluded full efficacy develops between 2--6 weeks of treatment,[@b15-jcnsd-3-2011-209] with other reviews suggesting 12 weeks.[@b10-jcnsd-3-2011-209],[@b12-jcnsd-3-2011-209] The totality of the evidence predominantly from the two treatment naïve studies[@b24-jcnsd-3-2011-209],[@b25-jcnsd-3-2011-209] is supportive of the need for 12 weeks treatment to observe maximal efficacy.

The large quantity of atomoxetine data published over the last 2 years makes many reviews complex to interpret. Many reviews have been published before some of these seminal data could be included and for a clinician no single review provides the totality of available data at that time.

Currently clinicians must incorporate new emerging data on clinical endpoints that they may not be so familiar with,[@b29-jcnsd-3-2011-209] exampled by complex quality of life rating scales, and the many guidelines[@b30-jcnsd-3-2011-209],[@b31-jcnsd-3-2011-209] to make clinical decisions. Clinicians in the future will remain most likely unable to appraise and assimilate the vast body of data that will continue to emerge and will rely upon systematic review increasingly to help them answer clinical questions and improve patient outcomes. The expectation will be that there may be a greater number of focused systematic reviews.

Conclusion
==========

Over the last 2 years there have a number of high-quality reviews and systematic reviews that will help clinicians to make critical patient outcome decisions. In particular the European guidelines on management of adverse effects produced by the guidelines group of the European Network for Hyperkinetic Disorders (EUNETHYDIS) can be recommended[@b18-jcnsd-3-2011-209] and the data analysis on treatment length required for ADHD patients.[@b8-jcnsd-3-2011-209] The trend to move away from pure review papers to systematic reviews is encouraging.[@b3-jcnsd-3-2011-209] By doing so the more recent atomoxetine data will be critically appraised and included in future reviews. Only a few of the reviews are able to speculate on future trials needed to inform clinicians regarding the relative efficacy of the ADHD medications. The bias towards methylphenidate of excluding previous stimulant failures can be addressed in treatment naïve cohorts. The recent evidence is supportive when these biases are addressed of little difference in effect size between these two agents.

Our defined clinical questions will further benefit from future longer term clinical trials. The value of epidemiological database research and longer term open label studies in larger cohorts needs further evaluation and may eventually provide some of the answers that our patients require.

Systematic review may be a clinical tool to aid clinicians in their knowledge. Our findings suggest that with the volume of emerging clinical data there may be a need for regular updating of both reviews and systematic reviews. A clinician reading a single review is unlikely to be appraised of all the data needed to inform patient medication decisions at present. Fortuitously the trend towards free open access publishing continues and many of our cited references are available to download free of charge.

With a plethora of published data on ADHD emerging, and a likelihood of more medications licensed in ADHD, there is need for regular systematic reviews not only on specific ADHD medications but on crucial aspects of outcomes. Pragmatic outcomes are becoming measurable (mortality and cardiovascular outcomes as examples).[@b5-jcnsd-3-2011-209] Further systematic reviews can address the longer term safety and outcomes of individual ADHD medications. Finally, in the current era of internet based data dissemination, the role of the SPC as a regularly updated document from the regulatory agencies, needs to be fully compared with other sources of independent data and guidance for clinicians.[@b18-jcnsd-3-2011-209],[@b30-jcnsd-3-2011-209],[@b31-jcnsd-3-2011-209] These guidelines include both European and national guidance on ADHD management and prescribing.[@b18-jcnsd-3-2011-209],[@b30-jcnsd-3-2011-209],[@b31-jcnsd-3-2011-209] Such a review may address the most appropriate data sources to help clinicians implement patient care.
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###### 

Critical questions addressed by reviews that include atomoxetine data.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author                                  Type of review                                                          Comparative efficacy                                                                                                          ADHD and comorbidity                                                                Relevant clinical endpoints                    Onset of action/duration of treatment                                         Suicidality
  --------------------------------------- ----------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------- ---------------------------------------------- ----------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Buitelaar[@b16-jcnsd-3-2011-209]        Review                                                                  Less effective than OROS MPH. Review is of stimulant data                                                                     x                                                                                   x                                              X                                                                             No data

  Coghill[@b4-jcnsd-3-2011-209]           Systematic review                                                       No published RCTs on QOL with MPH. Data are observational/open label                                                          ODD                                                                                 X                                              X                                                                             No data

  Daughton[@b9-jcnsd-3-2011-209]          Review                                                                  Less effective than stimulants. Meta-analysis cited as poster APA                                                             First line in anxiety                                                               x                                              Peak efficacy 2--6 weeks                                                      Does not include mph data from the meta-analysis, untreated ADHD rates or general population

  Dell'Agnello[@b15-jcnsd-3-2011-209]     Can be considered a systematic review although no methodology stated    x                                                                                                                             Specific purpose of review. ASD, tics/tourettes, anxiety/depressive symptoms, ODD   x                                              x                                                                             Does not include mph data from the meta-analysis or general population but does link comorbidities with ADHD with an increased likelihood of suicidal behaviours

  Dopheide[@b19-jcnsd-3-2011-209]         Review                                                                  Less effective than stimulants/OROS based on effect sizes                                                                     Tics/Tourettes and anxiety                                                          x                                              Delayed onset (2--4 wks)                                                      Does not include MPH data from the meta-analysis, untreated ADHD rates or general population

  Garnock-Jones[@b12-jcnsd-3-2011-209]    Can be considered systematic review with no clear methodology section   Less effective than OROS MPH                                                                                                  Anxiety, tics depression, ODD and autism. Efficacy similar with no worsening        Improved relapse rates compared with placebo   12 weeks treatment superior to 6 weeks.\                                      Includes ATX and mph data from the meta-analysis but not general population rates or those with untreated ADHD
                                                                                                                                                                                                                                                                                                                                                                                   Efficacy takes up to 8 weeks.\                                                
                                                                                                                                                                                                                                                                                                                                                                                   Efficacy maintained for up to 2 years                                         

  Garnock-Jones[@b11-jcnsd-3-2011-209]    Review                                                                  Less effective than OROS MPH                                                                                                  Helpful in comorbid conditions                                                      X                                              X                                                                             Does not include mph data from the meta-analysis, untreated ADHD rates or general population

  Graham[@b18-jcnsd-3-2011-209]           Systematic (not stated)                                                 x                                                                                                                             Tics/Tourettes/SUD epilepsy                                                         Long term safety                               x                                                                             Does not include mph data from the meta-analysis, untreated ADHD rates or general population

  Hammerness[@b10-jcnsd-3-2011-209]       Systematic review                                                       States atomoxetine as less effective than OROS MPH based on effect sizes                                                      ODD, tics, anxiety, MDD/PDD                                                         Improved grades                                Efficacy not maximal until 12 weeks                                           Includes data on MPH

  May[@b13-jcnsd-3-2011-209]              Systematic (not stated)                                                 States atomoxetine as less effective than stimulants/OROS MPH.\                                                               Tics, anxiety, ODD, depression                                                      Relapse prevention                             No need for ATX dose escalation in studies up to 60 months.\                  Does not include MPH data from the meta-analysis, untreated ADHD rates or general population
                                                                                                                  Points out data on differential response rates to MPH or ATX. Confounding bias of excluding MPH non-responders is discussed                                                                                                                                      Long term (8yrs) safety data in adolescents consistent with acute studies.\   
                                                                                                                                                                                                                                                                                                                                                                                   Efficacy in 2--8 weeks                                                        

  Van de Loo-Neus[@b8-jcnsd-3-2011-209]   Systematic                                                              Compares medicationeffect sizes and refers to 2 studies (Newcorn 2008; Michelson 2002)                                        Tics, anxiety, ODD and ASD                                                          Long term pragmatic outcomes                   Specific focus of the review                                                  Does not include mph data from the meta-analysis, untreated ADHD rates or general population

  Vaughan[@b14-jcnsd-3-2011-209]          Review                                                                  Compares medication effect sizes and describes increased effect size of atomoxetine in naive pts. References Newcorn 2008     ODD, tics/Tourettes, anxiety, MDD                                                   x                                              Full effect 6--8 weeks                                                        Does not include mph data from the meta-analysis, untreated ADHD rates or general population

  Wilens[@b17-jcnsd-3-2011-209]           Review                                                                  x                                                                                                                             "particularly useful" tics and anxiety                                              x                                              x                                                                             Does not include mph data from the meta-analysis, untreated ADHD rates or general population
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ADHD, Attention Deficit Hyperactivity Disorder; ASD, autism spectrum disorders; MDD, major depressive disorder; X, not addressed within review; ODD, oppositional defiant disorder; MPH, methlyphenidate; ATX, atomoxetine; OROS, osmotic release oral system; PDD, pervasive developmental disorder; SUD, substance use disorder; QOL, quality of life; RCT, randomised controlled trial; APA, American Psychiatric Association.
